Diarrhea, a characteristic symptom of the inflammatory bowel diseases (IBD) of ulcerative colitis and Crohn's disease, is often the most disabling and distressing disease component. The treatment of these conditions has advanced significantly in recent years, particularly with the advent of a panoply of biologic drugs that can arrest inflammation and trigger mucosal healing. Nevertheless, in some cases, diarrhea can persist in IBD despite evidence that inflammation has abated [1] . In any event, the precise basis of diarrheal symptoms in IBD is only poorly understood, despite the fact that a deeper understanding of diarrheal pathogenesis might inform improved therapy [2] . In general, diarrhea reflects an increased contribution of epithelial secretory mechanisms to luminal fluidity, decreased electrolyte absorption, or some combination of these, while diminished barrier function may also exacerbate underlying transport disturbances [2] . Nonetheless, diarrheal diseases of varying etiologies may exhibit distinct transport dysfunction phenotypes. For example, when considering infectious diarrhea, the diarrhea due to enterotoxigenic pathogens such as Vibrio cholerae is largely driven by excessive chloride secretion, whereas we and others have demonstrated that diarrhea in the setting of infection with invasive pathogens such as non-typhoidal Salmonella spp. more likely involves decreased absorption of NaCl and sodium ions in the proximal and distal colon, respectively [3] .
Murine models have proven important in the quest to unravel the immunopathogenesis of IBD [4] . Disease states resembling IBD can be generated acutely in mice with the administration of chemical irritants into the colon or systemic treatment with antibodies (such as anti-CD3) that activate T cells; there are also numerous genetic models that are accompanied by epithelial barrier dysfunction, the over-expression of proinflammatory cytokines, or the underexpression of anti-inflammatory cytokines such as IL-10. In general, no single mouse model represents all facets of human IBD, although specific models may more faithfully reflect the immunological phenotype of ulcerative colitis versus Crohn's disease [4] . Nevertheless, the adoptive transfer mouse model of IBD has found favor with many investigators. This is due to its production of disease that occurs at a predictable time point following initial treatment (as also seen in chemical models, such as dextran sodium sulfate [DSS] colitis), but also because, unlike the DSS model, chronic disease results that is more in keeping with human IBD. Yet, the extent to which the diarrheal phenotype that is observed in this model depends on specific alterations in the expression or function of epithelial transport proteins had not been elucidated.
In the current issue of Digestive Diseases and Sciences, Jayawardena and colleagues present important information needed to address the knowledge gaps regarding the basis of diarrhea in the adoptive T cell transfer model of colitis [5] . Immunodeficient Rag2 −/− mice were administered CD4 + CD45RB high T cells, reproducibly showing expected increases in colonic proinflammatory cytokines within nearly abolished expression of the chloride/bicarbonate exchanger Down-Regulated in Adenoma (DRA, Slc26a3) in both the proximal and distal colon, without affecting ileal DRA expression (also a prominent site of DRA expression at baseline). DRA typically acts in concert with the sodium/ hydrogen exchanger, NHE3 (Slc9a3) to mediate the electroneutral uptake of NaCl, but interestingly, levels of NHE3 mRNA and protein were unaltered by T cell transfer in either the colon or ileum. Nevertheless, some other colonic transporters were suppressed in this colitis model, including putative anion transporter 1 (PAT1, Slc26a6) and the alpha subunit of the epithelial sodium channel (ENaC). Of interest, reduced expression and/or function of both DRA and ENaC was reported in biopsy samples obtained from human patients suffering from IBD [6] . Jayawardena and colleagues also showed that the colitis model was accompanied by reductions in mRNA for two colonic monocarboxylate transporters, MCT1 and SMCT1 (Slc16a1 and Slc5a8, respectively), without any effect on mRNA expression for the anion channel, cystic fibrosis transmembrane conductance regulator (CFTR), in either the colon or the ileum.
To the extent that the findings here are reflective of human IBD in general, and Crohn's disease in particular, the results may point to new strategies aimed at ameliorating diarrheal symptoms in these diseases. Even though NHE3 was not down-regulated, this transporter, coupled with DRA, mediates NaCl uptake, particularly in the interdigestive period. The loss of DRA alone, therefore, should be sufficient to result in diarrhea, particularly when coupled with a reduction in ENaC (primarily a salvage pathway for electrogenic sodium reabsorption in the distal colon) as well as an anticipated increase in gut paracellular permeability that could potentiate diarrhea via leak-flux mechanisms [7] . Furthermore, the pattern of electrolyte transport changes seen here has also been observed in infectious diarrheal models, meaning that any therapeutic strategies based on these findings might be more broadly applicable. The authors themselves have previously reported on a number of agents that specifically upregulate the expression of DRA, at least in cell lines, including probiotics, vitamin A metabolites, and lysophosphatidic acid [8] [9] [10] . The finding that expression of two monocarboxylate transporters was also suppressed in this model may have further pathophysiological significance, since these molecules transport key short chain fatty acids that are important bioactive signaling molecules and nutrients. Indeed, butyrate itself stimulates DRA expression, suggesting a possible link between the various responses observed [11] .
Despite these data that enhance the understanding of the pathogenesis of inflammatory diarrhea, some additional studies might drive the story further. For example, in mice infected with Salmonella typhimurium, while there was no change in CFTR expression at the mRNA or protein level, the channel was apparently mislocalized away from the apical membrane, likely accounting for a reduction in the capacity for crypt chloride secretion in infected tissues [3] . If a similar event occurs in the current model of colitis, it might have implications for host defense, particularly in the sensitive stem cell niche at the crypt base. Overall, information about mRNA, protein, transporter localization, and function is needed to fully understand the pathogenesis of diarrhea as well as other possible contributors to the chronic nature of IBD. Nevertheless, the current study by Jayawardena and colleagues is an excellent contribution to the growing body of knowledge about how diarrhea occurs in the setting of intestinal inflammation, as well as providing pointers as to how it might ultimately be mitigated.
